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SUMMARY 

Lifting bodies having low fineness r a t i o  and hypersonic l i f t -drag 
ra t ios  of about 0.5 are  discussed br ie f ly .  Results of a recent inves- 
t igat ion of re la t ive ly  slender blunt half-cones show hypersonic maximum 
l i f t -drag r a t i o s  of about 1.5. It i s  demonstrated tha t  a blunt half-  
cone with a half -cone angle of 13' can be modified t o  form an entry 
vehicle having the capabili ty of a conventional landing while retaining 
a hypersonic l i f t -drag  r a t i o  of about 1.5. Some preliminary s t a t i c  
s t a b i l i t y  and control resul ts  are presented. 

Studies of vehicles suitable f o r  entry in to  the  earth 's  atmosphere 
have covered a wide range of configurations including nonlift ing and 
l i f t i n g  bodies and a variety of winged shapes. This paper presents 
some of the work performed a t  Arnes Research Center on the lifting-body 
portion of the  spectrum of possible entry vehicles. To be discussed 
are bodies consisting of portions of blunt cones. The f i r s t  two bodies, 
t o  be discussed only br ief ly ,  have l i f t -drag  ra t ios  of about 0.5 and 
have, therefore, ra ther  limited maneuvering capabili ty during entry. 
The th i rd  configuration, a re la t ive ly  slender, blunt half-cone, has 
considerably greater maneuverability due t o  i t s  l i f t -drag r a t i o  of about 
1.5 a t  hypersonic speeds. The aerodynamic character is t ics  of t h i s  basic 
half-cone shape are  shown. Modifications made t o  provide f o r  adequate 
subsonic character is t ics  and f o r  control throughout the speed range are 
described and t e s t  resu l t s  are presented. 
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SYMBOLS 

lift coefficient 

rolling-moment coefficient 

cm pitching-moment coefficient 

Cm, o pitching-moment coefficient at CL = 0 

c n , yawing-moment coefficient - 
effective dihedral parameter, per deg 

C% static longitudinal stability parameter, per deg 

C n ~  
static directional stability parameter, per deg 

LID lift-drag ratio 

( L )  maximum lift-drag ratio 

body length 

Mach number 

Reynolds number 

angle of attack, deg 

deflection of control surface, deg 

elevon deflection, deg 

yaw-flap deflection, deg 

DISCUSSION 

Bodies Having Low Lift-Drag Ratios 

Results for a body having a low lift-drag ratio were presented 
in reference 1. The body shape tested and some of the measur 



aerodynamic characteristics are reviewed briefly in figures 1 and 2. 
Figure 1 shows a three-view sketch of the body, which is essentially a 
blunt 30° half-cone with four low-aspect-ratio flaps for control. The 
aerodynamic characteristics of this particular configuration have been 
determined over a wide speed range from tests in several wind tunnels. 
Some of the measured and estimated aerodynamic characteristics are shown 
in figure 2. At the left of figure 2 is the variation with Mach number 
of maximum trimmed lift-drag ratio. The experimentally determined lift- 
drag ratio is slightly more than 0.5 at the higher Mach nmibers. This 
value agrees well with the theoretical value of 0.36 Eor M = a, that 
was calculated with the use of impact theory. Also shown (fig. 2) as 
functions of Mach number are the experimentally determined static 
longitudinal- and lateral-directional stability derivatives along with 
estimated values of these characteristics from impact theory. The par- 
ticular pointis to be observed are as follows: First, the configuration 
was statically stable about the pitch and yaw axes and had positive 
dihedral effect; second, the stability levels were relatively insensi- 
tive to variations of angle of attack near the attitude for (L/D),, - 
or to variations of Mach number at the higher supersonic speeds; and, 
third, the performance and stability at high speeds were well predicted 
in this case with the use of simple impact-theory calculations. 

Studies have continued on other lifting bodies having lift-drag 
ratios of about 0.5 at hypersonic speeds. An investigation has been 
initiated recently on another cone-segment-type body. The particular 
shape, shown in figure 3, is approximately one-sixth of a blunt cone. 
The cone half-angle is 58O and, at the attitude where the estimated 
value of L/D is 0.5, the cone axis is alined with the stream. With 
the high incidence angle of the conical surface, this body would expe- 
rience higher heating rates over a relatively smaller surface than the 
30° half-cone. Thus, this shape would be more attractive for use with 
ablation-type thermal protection. 

Initial experimental results obtained with the cone-s'egment body 
of the type presented in figure 3 show that the measured value of L/D 
at the design attitude agrees with the estimated value of 0.5. The body 
is longitudinally stable about its center of volume but it is consider- 
ably out of trim in the present configuration. Also, as in the case of 
most lifting configurations operating at high angles of attack, this 
shape has the disadvantage of having a negative lift-curve slope. 
Further analysis and testing will be required to establish the desir- 
ability of employing body shapes of this type. 

Returning again to the blunt half-cone shapes, the generally favor- 
able aerodynamic properties of the 30° blunt half-cone indicated that 
study of other bodies of this type might prove to be of interest. 



Since a l i f t -drag r a t i o  of 0.5 at  hypersonic speeds provides f o r  rela-  
t i ve ly  l imited maneuverability, it was desired tha t  fur ther  study be 
directed toward bodies having higher l i f t -drag ra t ios .  

Basic Body Having High Lift-Drag Ratio 

One approach t o  obtaining higher values of LID tha t  w a s  studied 
b r i e f l y  was the addition of a small wing t o  the top surface of the 30° 
half-cone. Lift-drag r a t i o  at hypersonic speeds was increased by t h i s  
means t o  a value of about 0 -9.  Another approach f o r  increasing LID, 
by increasing body slenderness, was  more extensively investigated both L 
analyt ical ly  and eqerimental ly  f o r  half-cone angles i n  the range from 1 
lo0 t o  20°. Of the more slender half-cone shapes, one was selected fo r  0 
the detai led study t o  be discussed herein. This configuration, shoyn 
i n  f igure 4, has a half -cone angle of 1 3 O .  According t o  estimates, the 
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value of L/D f o r  t h i s  shape a t  i n f in i t e  Mach number i s  about 1.5 and 
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is  1.25 t o  1.33 at  Mach numbers from 3 t o  5. This l i f t -drag r a t i o  is  c 
suf f ic ien t  t o  provide f o r  l a t e r a l  ranges during entry from s a t e l l i t e  
orb i t  of about 1,000 nautical miles, o r  about 5 times t h a t  available t o  
a vehicle with a value of L/D of 0.5. With t h i s  l a t e r a l  range, inci-  
dentally, it is  possible t o  return t o  a launch point a f t e r  one circum- 
navigation of the ear th f o r  most orb i t s  attained by launching i n  the 
continental United States.  

The longitudinal character is t ics  of t h i s  shape were measured a t  
supersonic speeds and resu l t s  obtained a t  a t e s t  Mach number of 5 are  . 
presented i n  figure 5. The circled data points, as well as the dashed 
l ines  indicating the estimated variations of l i f t -drag r a t i o  and 
pitching-moment coefficient with l i f t  coefficient,  a re  f o r  the basic 
13O blunt half-cone. The theory used was a combination of impact theory 
on the nose and on the conical surface and shock-expansion theory over 
the top surface. The base drag was  obtained from the assumption tha t  
the base-pressure coefficient w a s  0.7 of the vacuum-pressure coefficient.  
As i n  the case of the 30' half-cone, the re la t ive ly  simple analyt ical  
methods provide a f a i r l y  good estimate of l i f t 4 r a g  r a t i o  and of the 
var iat ion of C, with CL, a t  l e a s t  a t  the Mach numbers of these t e s t s .  

However, the body t r i m s  near CL = 0 rather  than near (LID),,, as  

estimated. Trim nearer (LID), can be achieved by modification of 

the lower afterportion of the conical surface as shown on the sketch 
at the top of figure 5 and by the triangular data points. The s tab i l -  
i t y  i s  essent ia l ly  unchanged but the t r i m  point is  at  a l i f t -drag r a t i o  
of approximately 1.2. The lower-surface modification increased the 
value of ( L D  sl ight ly.  

Forces and moments on t h i s  body were also measured a t  low speeds 
t o  determine i f  such a body shape would be flyable at  subsonic speeds 



a t  the conclusion of an entry maneuver. Figure 6 shows the measured 
variations of pitching-moment coefficient and l i f t -drag r a t i o  with l i f t  
coefficient at  a Mach number of 0.25. It may be seen t h a t  the body is  
neutrally s table  and has a maximum l i f t -drag r a t i o  of only 1.7. The 
low l i f t -drag r a t i o  i s  due t o  the large base area (47 percent of the 
planform area) and t o  the poor pressure recovery at the base. 

Modified Body Having High Lift-Drag Ratio 

I n  order t o  improve the rather  poor subsonic character is t ics  just  
described, an investigation of the flow characteristics and the e f fec ts  
of body modifications was conducted i n  the Ames 12-foot pressure tunnel. 
Much of t h i s  program pertained t o  boat tai l ing the body i n  an e f f o r t  t o  
reduce the base area, t o  improve the l i f t i n g  character is t ics  of the 
upper surface, and t o  promote a positive C ,  Some typica l  body 

shapes and t e s t  resu l t s  are presented i n  figures 7 and 8. Figure 7 
shows three l i f t i n g  bodies: the blunt half-cone, one of the boattailed 
bodies, and a vehicle with the same boattailed body with canopy, ver t i -  
c a l  surfaces, elevons, and a trailing-edge f lap .  The large influence 
of modifying the rear  portion of the body on the l i f t -drag  ra t ios  can 
be seen i n  f igure 8. Base area was reduced from 47 percent t o  17 per- 
cent of the planform area and the improved flow increased the base- 
pressure coefficient from -0.24 t o  about 0.  The configuration with 
canopy and s tabi l iz ing surfaces shows even higher l i f t -drag r a t ios  than 
the modified body alone. This e f fec t  has been a t t r ibuted  t o  a favorable 
end-plate e f fec t  due t o  adding the ve r t i ca l  surfaces and t o  the increased 
aspect r a t i o  due t o  adding elevons. Note tha t  the pitching-moment 
curve f o r  the complete configuration is  nearly l inear  and, fo r  these 
data, shows t r i m  a t  a l i f t  coefficient of 0.55. 

Some ef fec ts  of variations i n  canopy shape were also determined 
during the course of the investigation a t  subsonic speeds. The or iginal  
spherical canopy i s  shown i n  figure 9 and a faired canopy i s  shown i n  
figure 10. It was anticipated tha t  the fa i red  canopy might improve 
the l i f t  as well  as provide additional volume; however, the resu l t s  
were quite adverse. The f a i r ed  canopy interfered with the strong vor- - 
t ex  flows tha t  originate a t  the leading edges of the upper surface so 
tha t  a t  some angle of attack, the vortices were diverted outward t o  
impinge on the ve r t i ca l  surfaces and r o l l  controls. The resul t ing 
moment character is t ics  were nonlinear and the l i f t -drag  r a t i o  was 
reduced. It appears, then, t ha t  the canopy should not extend t o  the 
leading edges of the top surfaces of the body. 

The body modifications and the addition of s tabi l iz ing f i n s  and 
elevons resulted i n  re la t ive ly  good subsonic s t a b i l i t y  and performance 
character is t ics ,  and conventional landing capabili ty i s  indicated. To 



study means f o r  providing f o r  'control of t h i s  type of configuration 
throughout the speed range, the afterportion of the study configuration 
was modified fur ther  t o  include pi tch and yaw f laps  i n  addition t o  the 
elevons which are  primarily f o r  r o l l  control. These modifications are  
i l l u s t r a t ed  i n  figures 11 and 12. Figure 11 shows the configuration 
just  discussed, without elevons; the revised configuration i s  shown 
i n  f igure 12. An objective was t o  provide controls which would have a 
minimum of cross coupling. The sides of the body were f la t tened and 
faired into the ve r t i ca l  s tab i l izer  surface t o  provide f o r  the yaw con- 
t r o l s .  Similarly, the bottom w a s  f la t tened and a pa i r  of pi tch controls 
was provided. These modifications affected only the rear  one-third of 
the body and the resul t ing body l ines  were not as  conducive t o  good 
pressure recovery a t  the base as those of the or iginal  model. The base 
area of the revised configuration is 22 percent of the planfom area 
compared with 17 percent f o r  the previous configuration. Most of t h i s  
increase i s  represenked i n  increased base area of the ve r t i ca l  surfaces 
and elevons which were thickened t o  rel ieve the heating problems at  
t h e i r  leading edges. 

Figure 13 shows the revised configuration with simulated landing 
gear. Tyyical preliminary resu l t s  obtained on t h i s  model are presented 
i n  figure 14. Pitching-moment coefficient and l i f t -drag r a t i o  as  func- 
t ions of l i f t  coefficient are shown. It i s  evident tha t  the landing 
gear had l i t t l e  e f fec t .  The modifications increased minimum drag con- 
siderably and the revised configuration does not exhibit  the high l i f t -  
drag r a t ios  a t  low l i f t  coefficients that  were character is t ic  of the 
ea r l i e r  model. However, the l i f t -drag  ra t ios  are about the same as  
before a t  the higher l i f t  coefficients, and the pi tch character is t ics  
remain good. For example, the l i f t -drag r a t i o  i s  3.2 a t  a trimmed l i f t  
coefficient of 0.6 with a s t a t i c  margin of 9.5 percent (center of 
gravity a t  55 percent of the body length).  With the development of 
improved low L/D landing techniques (see, e .g., r e f s .  2 and 3), it i s  
f e l t  t h a t  a vehicle such as t h i s  would be capable of performing a con- 
ventional landing. 

Some of the character is t ics  of t h i s  revised vehicle at  supersonic 
speeds are shown i n  figure 15. Variations of a, Cm, and L/D with 

CL are shown f o r  a t e s t  Mach number of 5 .  The l i f t  curve may be seen 
t o  be very nearly l inear .  The vehicle i s  stable about the center of 
gravity a t  55 percent of the length and is trimmed near maximum l i f t -  
drag r a t i o  fo r  the control set t ings indicated (lower f l aps  deflected 
l 5 O  and elevons deflected -15O). The maximum l i f t -drag  ra t io ,  about 
1.3, is  essent ial ly  unchanged from tha t  of the or iginal  1 3 O  half-cone. 

Figure 16 shows the variations with Mach number of the s t a t i c  
longitudinal- and la teral-direct ional  s t a b i l i t y  derivatives. It can 
be seen tha t  the configuration was s t a t i ca l ly  s table  about the pitch 



and yaw axes throughout most of the  t e s t  range and had posit ive dihedral 
effect.  Two probable areas of d i f f i cu l ty  t o  be noted are the  nearly 
neutral  pi tch and yaw s t a b i l i t y  a t  a Mach number of about 0.9 and the 
high dihedral effect  . This l a t t e r  character is t ic  indicates the  proba- 
b i l i t y  of a Dutch r o l l  problem. 

Measurements were made a t  transonic and supersonic speeds of the  
effectiveness of the  pitch and yaw f l aps  and of the  elevons. The meas- 
ured moment-coefficient increments resulting from control deflections 
are shown i n  f igures  17 and 18. Pitching-moment increments due t o  
deflection of the lower pi tch f l aps  and due t o  deflection of the  elevons 
are shown i n  f igure 17. It may be seen a t  the  top of f igure 17 tha t  
the  p i tch  f laps  provide large nose-down moments a t  subsonic and t ran-  
sonic speeds. A t  supersonic speeds the controls become re la t ive ly  
powerful when the deflection becomes posit ive re la t ive  t o  the  stream. 
(The deflection angle i s  measured re la t ive  t o  the  surface-of the  body.) 
The effectiveness of the elevons a s  pi tch controls may be seen t o  
decrease with increasing Mach number as  i s  the case f o r  most controls 
of t h i s  type. The indicated reversal a t  transonic speeds f o r  an elevon 
deflection of 10° resu l t s  from the  effects  of the  pressure disturbance 
from the  control on the  top af te rpar t  of the  body. Yawing-moment and 
rolling-moment increments due t o  deflection of one yaw f l a p  and d i f fe r  - 
e n t i a l  deflection of the elevons are  shown i n  figure 18. Again, t he  

. controls provide large moments i n  the  subsonic and transonic speed 
ranges and t h e i r  effectiveness decreases with increasing Mach number. 
 h he elevon deflections f o r  the data shown are  +20° and -20' re la t ive  
t o  a nominal posit ion of -lo0 re la t ive  t o  the cone axis .  ) Only minor 
cross-coupling problems have been indicated i n  the  t e s t  resu l t s  obtained. 

The studies, thus f a r ,  of the  half -cone type of l i f t i n g  body have 
shown tha t ,  within l imitations,  t h i s  c lass  of body shapes i s  useful f o r  
atmosphere entry requiring maneuvering capabi l i t ies .  I n  the case of the 
low-fineness-ratio shapes, controllable f l i gh t  through the  transonic 
speed range would be d i f f i cu l t  t o  achieve and the f i n a l  landing would, 
of necessity, probably be by parachute or other auxiliary device. For 
the higher-fineness-ratio shapes, controllable f l i g h t  throughout the  
speed range appears feasible  and, with development, t he  capabili ty of 
conventional landing i s  probably attainable.  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Calif . ,  April 11, 1960 
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BLUNT 30° HALFCONE LIFTING BODY 

Figure 1 

PERFORMANCE AND STATIC STABILITY OF 30° BLUNT 
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LIFTING BOD1 ES INVESTIGATED 
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TYPICAL RESULTS AT My0.25 
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MODEL WlTH SPHERICAL CANOPY 

Figure 9 

MODEL WlTH FAIRED CANOPY 
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BODY WITH VERTICAL SURFACES AND CANOPY 

Figure 11 

MODIFIED BODY WITH CONTROLS 
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MODEL WITH LANDING GEAR 

Figure 13 

LOW-SPEED CHARACTERISTICS OF LAND1 NG 
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TY PlCAL SUPERSONIC CHARACTERISTICS 
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STATIC STABILITY 
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PITCH CONTROL EFFECTIVENESS 
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YAW AND ROLL CONTROL EFFECTIVENESS 
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A ONE YAW FLAP 

Figure 18 






